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Abstract
An active solar energy retrofit has been added to an engineering
building at John prown University. A new system dependent
evaluation procedure incorporating the f-chart method was used
for panel selection. The system is designed and instrumented
in order to provide various laboaratory experiences and data
collection capability.
Data collection and system control are
provided by a microcomputer.

1.

strate the availability of "off-the-

INTRODUCTION

shelf" solar energy conversion and stor
An active solar energy retrofit has
been added to an engineering building at John Brown University to

age components, (6) make the insolation
data, performance data, and system

supplement the space heating require
ments. This project included the

engineers, architects, builders, and
educators, (7) conserve a signficant

design and installation of a solar
flat-plate collection and water storage
system and the design and installation

amount of space heating energy, and
(8) increase energy awareness in the
community.

°f a microcomputer based control and
*l®ta collection system. The objectives

Six students and four faculty members

°f this project are to (1) provide design

have been involved in the design and

°Pportunities for engineering students,
(2) provide thermodynamic and alternate
energy laboratory experiences for courses

installation of this system. The cost
of the project is $70,000, of which
$50,000 is equipment and $20,000 is

the JBU engineering unit, (3) accumulate local insolation data, (4) demon

labor, space, and materials.
The U.S.
Department of Energy Small Scale Appro

strate the application of a micro-com-

priate Energy Technology Grants Program
provided $38,690.

Puter-based control system,

design specifications available to local

(5) demon

133

This paper is divided into seven sec
tions. They are:
(1) evaluation of
the heat loss for the existing build
ing, (2) evaluation of the energy con
servation and solar heating potential
for the existing building, (3) evalu
ation method for commercially available
flat-plate solar collectors, (4) system
design, (5) laboratory potential, (6)
system cost, and (7) conclusions.
2.

that it would be difficult to bring
the building to RQ=5.4. By adding
interior window units, adding 12
inches of ceiling insulation, adding
2 inches of floor insulation, reinsulat
ing the heating ducts and eliminating
two window units, an Rq value of 5
could be achieved.
It was determined
that an RQ value of at least 4 was
required to provide a worthy base for
the addition of the solar component.
Energy conservation improvements could
conceivably save 600 million BTU
annually.

EVALUATION OF THE HEAT LOSS
FOR THE EXISTING BUILDING

The existing building is 62 feet by 109
feet; has two floors, a partial basement,
and a large attic; is made of concrete

The preliminary design of the solar
collector and storage system was based

block, and has steel-framed, single-glazed
windows. The heated usable space is
13,800 square feet.

on the following design parameters:
Location— Benton County, Northwest
Arkansas.
Latitude— 36° 24'

The building, before retrofit, required

Heating season— October through April.
Degree days for heating season— 3830
Tilt angle— 41° (the existing roof

365,000 BTU/degree day for space heating.
Based on a 12°F winter outside design
temperature and an inside temperature of

angle).

72°F, the present steam/air handling system
was designed to provide 910,000 BTU/hr.

Orientation— SSE
Overall building resistance— 4
Available roof area— 3,200 ft2

For an annual heating season of 4,034
degree days, the total energy demand is
1,470 x 106 BTU. At a cost of $2.00/MCF
for natural gas and an overall conver
sion and transmission efficiency of
approximately fifty percent, the cost of
energy delivered to the building distri
bution system is $4.40/106 BTU. Thus,
the energy cost for a 4,034 degree day
winter is $6,468.

Using instantaneous collector perfor
mance, 1,800 ft2 of collector area,
120°F operating temperature and 3,300
gallons of water storage, it was deter
mined that 238 x 106 BTU could be pro
vided by solar collection.
Energy conservation and solar collection
could save approximately 838 x 106 BTU
annually or 47 percent of the existing
space heating energy.

The overall building resistance, Ro, was
determined to be 3.2 hr-ft2°F/BTU.

4.
3.

EVALUATION OF ENERGY CONSERVATION
AND SOLAR HEATING POTENTIAL

EVALUATION METHOD FOR COMMERCIALLY
AVAILABLE FLAT PLATE SOLAR COLLECTORS

An evaluation criteria must be estab
lished before proceeding with the

Based on Arkansas standards for new
building construction1 , the minimum
overall building resistance should be
5.4 hr-ft2°F/BTU. Analysis showed

selection of commercially available
solar collectors. Unlike conventional
heating plants that are rated in terms
134

(4) Use the procedure in 1 or 2 above,
but with "clear day" insolation

of heat input per unit time with a
reasonably constant thermal efficiency,
solar collectors are rated in terms of
instantaneous efficiency as a function

values.
(5) Assume an inlet temperature, ambient
temperature, and insolation rate
that is representative of the season

of inlet temperature, ambient tempera2
ture, and insolation rate . In the
case of the conventional heating plant,
cost, reliability, and maintainability
comparisons are made on units of iden
tical output ratings. This is not the
case with solar collectors.
If the
cost per unit of useful heat delivered

and from that and the ASHRAE 93-77
test data, calculate an amount of
heat available from the array.
(6) Use a panel output rating such as
that made by the Solar Energy Indus4
tries Association or the California
Energy Commission5 .

to the building under consideration is
to be calculated such things as panel
efficiency, ambient temperature, sto
rage temperature (if there is to be

There are many computer programs avail£
able for use in complete system simu
lation and temperature data for selected
cities in the U.S.
In general, though,
they are too time consuming or expensive
for the one-time designer of solar
heating systems. The f-chart method

thermal storage), heat exchanger
efficiency, and most importantly, the
rate of insolation must be known.
If
all of these parameters were known as
a function of time and their inter-

is a good alternative to an actual
simulation.
It is based on an empirical

relationshps were known an integration
over the heating season would produce

function, f (the fraction of monthly

the total useful heat delivered. Thus,
the goal for an evaluation criteria is
to find a method of determining the
total useful heat delivered for an array

heat load provided by a solar collection/
storage system), found by correlation
with many full-scale simulations.

of solar panels when used at a particular
4.1 EVALUATION METHOD

site in a particular heat storage,
exchange, and delivery system.

A panel
Method 3 was used in the selection of

comparison can then be made on the basis
of cost per unit of useful heat delivered
for the annual heating season. Methods

solar panels for this project.
procedure follows:

The

(1) Determine the building heating load.
(2) Determine the amount of solar energy
available per day for each month of

of achieving this goal are listed in
order of decreasing accuracy below:
(1) Using the instantaneous efficiency
vs. solar parameter rating as given
by the ASHRAE 93-77 test, simulate

the heating season.
(3) Determine the daily average tempera
ture for each month of the heating
season.

the panel and system minute-byminute over the heating season with
actual insolation and ambient tem

(4) Set the storage to panel area ratio
and cost per gallon of storage.
(5) Collect performance data, costs,
and area of various solar panels
from the manufacturer.

perature data as inputs.
(2) Follow the above procedure with
hourly averages, daily averages, or
monthly averages.
(3) Use a procedure such as the f-chart

(6) Simulate panel performance using
the f-chart analysis.

method with "realistic" insolation
values for the site.
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(7) Rank panels by total cost of panels,
of the panel array, and storage for
a selected percentage of heat loss
provided by solar.

Table 2
Insolation Model with^Clear-day Components
BTU/ftVday
Clear--day
Beam Rad.
Direct
Total rad.
Total
Mont-h Normal
on Roof
on Roof
Model

4.2 INSOLATION MODEL

Oct.
Nov.
Dec.
Jan.
Feb.
Mar.
Apr.

The project site is not in or near one
of the cities for which insolation and
temperature data is recorded by the
National Oceanic and Atmospheric Admin
istration (NOAA). Several models for
solar radiation are described in the
NOAA SOLMET 2 Manual7 . Several of
these models depend on cloudiness

2580
2280
2160
2350
2700
2930
3050

1770
1550
1460
1610
1850
2030
1960

1940
1690
1570
1730
2000
2210
2220

1160
840
690
675
820
930
930

4.3 RANKING PROCEDURE

factors or cloud cover data for their
application. No such data is available
for the site.

Performance and cost data was available
for over 130 panel types made by over
40 manufacturers. In order to reduce
the task of calculating monthly solar
energy delivered (SED) for various
array areas for each panel, a computer
program was written. Monthly heating
load, ambient temperature, and inso
lation were stored in memory. Only

Clear-day radiation, availability, both
direct-normal and diffuse, availability
can be calculated for any site by a
method given in ASHRAE Handbook of
Fundamentals, 1977. However, the use
of clear-day insolation without regard
to cloudiness would lead to incorrect
rank evaluations of particular solar
panels. As a means of creating a more
realistic model, a correction factor
was applied to the ASHRAE clear-day

four parameters for each panel are
required for input. They are: the
intercept and slope of the first-order
efficiency curve that results from the
ASHRAE 93-77 test, the gross area of
the panel, and the cost of the panel.

prediction. The correction is based
on the average number of days of full
and partial cloudiness for the nearest

A fixed ratio of storage volume to array
area was used and the cost of storage
was added to the cost of the array

reporting station available(Fort Smith,
AR). The factors, by month, are given

to arrive at a total cost factor for
each panel as a function of SED as a
percent of total heat load. A sample

in Table 1. The model used for ranking
the candidate panels is shown in Column
5 of Table 2.

computer output is shown in Figure 1.
The system cost was then plotted against
percent SED.

Table 1
The top eight vendors were then studied
more carefully. These were contacted by
telephone and asked to submit current,
written verification of the technical
data and prices used in the evaluation
program.

Clear-day Insolation Modification
Factors to Account for Periods of
Cloudiness
October
November
December
January
February
March
April

.60
.50
.44
.39
.41
.42
.42
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The top three were then requested to
submit a written quotation, written

used in a very high insolation area its
low cost per square foot overcomes its

warranty information, a certified test

low effieciency and it ranks high in

report, and installation information.

cost effectiveness.

One of these three fell out because of
the inability to supply the test report.
The fourth position was brought up.

insolation, the Sunway panel would, all
other factors being equal, be the proper
choice. However, if that panel were
chosen for the design site and the

These three were reevaluated using the
computer program and a study was made

Using clear-day

array size based on clear-day data,
the system would fall short of pro
viding the predicted percent SED.

°f the stability of the vendor.
A comparison of rankings using four
different methods of evaluating solar
Panels is shown in Table 3. Although
the differences in ranking for most
°f the panels is not great, there is

Table

3

R a n king b y Vari ous

Manufacturer

0ne panel that is ranked number one
by three of the four criteria and
last by the criteria used in this

Ametek
Gulf Thermal
Solergy
American
Ileliotherm
Colt
Sunway

Analysis. This panel (Sunway) is a
comparatively low efficiency panel
^th a low cost per square foot. When

Criteria

f-chart simulation
Clear-day
Modified
Insol. M o d e l
Insol. Model

Cost per
sq. ft.

Method*
No. 5

1
2
3

2
6
3

G
2
4

3
2
4

4
5
6

5
4
1

3
5
1

5
6
1

*Ir.let t e m p e r a t u r e ilO°F, a m b i e n t t e m p e r a t u r e 3 0 oF, S o l a r
r a d i a t i o n 30G B T J / h r / f t . S t o r a g e c o s t n o t c o n s i d e r e d .
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5.

The manifolds are preinsulated copper
by Insultek. Diameter change in the
100 foot length (2 1/2" to 2" to 1 1/2")
provides pressure balance.

SYSTEM DESIGN

The final design has 52 flat plate
collectors, Model D-222 made by Ametek
Power Systems Group. Collector speci
fications are given in Table 4.

The collection and exchange system
involves three circuits as shown in
Figure 3.

Table 4

Grundfos series 6000 boosters were
selected for their multi-speed capa
bilities. Two UMS 80-80 models are
used in the collector circuit to
provide charging capability and flow
balance. The pressure drop is 47
feet and the volume of 50/50 ethylene
glycol and water is 95 gallons.

Collector Specifications
Size: 99 3/4 in. x 37 3/4 in,
Gross surface area: 26.15 ft2
Weight: 160 lb. empty, 165 lb. full
Efficiency: 0.76-0.75 & . T / I
Incident angle modifier:
1-0.09 [1/COS 6 -1]

These collectors are mounted on a SSE
roof with a 41° tilt. The total area
.
o
is 1,360 ft . Budget constraints on
the total expenditure for collectors
and collector layout on the roof pre
scribed the 1,360 ft2 rather than 1,800
2
ft as in the preliminary design.

The heat exchanger is American Standard,
Type BGF counter flow tube and shell,
4 pass with 6 inch baffle spacing and
2
82 ft of surface area.
The assumptions used in heat exchanger
selection were:
(1) a 15° approach
temperature, (2) a heat transfer rate
of 270,000 BTU/hr, (3) ethylene glycol
on the shell side with a flow rate of
39 to 78 gpm and water from storage
on the tube side at a variable rate.

The collectors are mounted in a seriesparallel arrangement in groups of four
as shown in Figure 2. They are mounted
on rails of pressure treated yellow
pine. Spacing between groups was
provided for mounting and maintenance
activity.
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Figure 3 also shows the sensor points.

There are 2,000 gallons of underground
water storage provided by two concrete
septic tanks. Four inches of Insulbead
insulation is used on the outside of the
tanks. Each tank has an electric heater

The temperature sensors are integrated
circuits (LM 234 or LM 235) which
operate over the range -25°C to 125°C.
The flow meter is of the paddle wheel
type, Model MK 315 by Signet Scientific.

for energy input during off-peak hours
during periods of low insolation. The
storage system is designed so that the
tanks may be operated in series, parallel
or separately. Temperatures at various
levels may be measured at three locations
in each tank.

Global radiation will be measured with
an Eppley Model 8-48 black and white
pyranometer. Diffuse radiation will be
measured by the Hollis MR-5 pyranometer
with a shadow band.

The storage circuit uses a Grundfos UMS
65-40 model booster. The pressure drop

Wind velocity and direction will also
be measured.

is 7 feet.
The microcomputer will control the system
and accumulate monthly and seasonal data.
The microcomputer selected is an Intel
SBC 80/30 with 16K of dynamic random
access memory. This board also includes
one serial and three parallel I/O ports,

The air handler circuit uses a Grundfos
UMS 65-80 model booster.

a programmable timer, priority interrupt
logic, and Multibus control logic. A
Datel ST-732 analog I/O board will be
used. This board has 32 single ended
or 16 differential A/D channels and
includes two D/A channels plus current
loop outputs. A TRS-80 16K Level II
computer with a dual disk drive will
be used as an intelligent terminal for
the Intel computer. The software that
has been developed for this control
system includes a machine language
monitor to control the SBC from the
terminal and various programs to per
form the data accumulation, data
analysis, and control functions for
the solar collection system.

6. LABORATORY POTENTIAL
The system was designed to provide
experimental opportunities for a
course in thermofluid dynamics and a
course in energy alternatives as well
as to provide demonstration possibili
ties for courses in engineering concepts
and mechanical equipment of buildings.
1 39

8. CONCLUSIONS

In thermofluid dynamics, the experi
ments planned are:
1. Heat transfer film coefficients.
2. Net head loss coefficient and
friction factor for the piping
system.

The f-chart simulation with appropriate
insolation model was used to determine
the annual delivery of a given solar
system for a given collector. The pur

3. Thermal stratification of storage
tanks.

pose of the simulation was to determine
the performance of the collector over

4. Accounting for long-term heat col
lection.
5. Thermal model for computer control.
6. Collector efficiencies.

the entire heating season. Solar panels
were ranked based on a system evaluation
rather than upon instantaneous perfor
mance as reported in the standard per
formance test.

In energy alternatives, the experiments
planned are:
1. Comparison of actual to predicted
collector array performance using
the Hottel-Whillier-Bliss equation.

The conclusions of this analysis are:
1. Solar panels should be evaluated as
part of a system.
2. The choice of an insolaton model will
influence the choice of a panel.
3. The cost of an optimum size storage

2. LMDT behavior of heat exchanger.
3. Comparison of solar insolation
models.
4. Efficiency versus flow rates.
5. Storage losses.
6. Economic analysis.

system must be included in overall
costs for ranking purposes.
4. A decision based on clear day inso
lation would lead to buying a panel
that would not perform well under
actual insolation conditions.

7. SYSTEM COST

This system should deliver 86 x 106 BTU
for the heating season with a panel and
storage cost of $22,000. This is $255/
10 BTU and represents approximately 20
percent of the heating load of the
building.

The total cost for equipment and materi
als for this project will be approxi
mately $50,000. Particular items in
this amount are (1) collector panels—
$20,400, (2) storage system— $1,600,
(3) piping— $2,000, (4) computer sys
tem— $3,600 (dual disk drive and some
software were donated), (5) retrofit
windows— $10,000, (6) insulation—
$4,300 (estimate).

Storage cost is approximately $.75/gal.
and the system uses 1.5 gallons of stor
age for each square foot of collector
area.
The flexibility and instrumentation
incorporated into this system pro
vide the means for interesting
energy studies for undergraduate
engineering students.

The total cost for labor including
design and administration for the
project will be approximately $15,000.
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